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in a patient with acute pulmonary embolismAnetta Undas, MD, PhD,a Ewa Ste˛pien´, PhD,b Pawe1Rudzin´ski, MD, PhD,a and Jerzy Sadowski, MD, PhD,a
Cracow, PolandTo our knowledge, thrombus structure in patients with pul-
monary embolism (PE) has not been analyzed with scanning
electron microscopy (SEM). We hypothesized that particu-
lar features of a pulmonary embolus explain in part a failure
of thromboprophylaxis. Microscopic examination of a fresh
thromboembolus from a pulmonary artery obtained at au-
topsy indicated that its structure is composed of layers of
platelets and fibrin alternating with layers of erythrocytes.1
Fibrin clot architecture largely determines the fibrinolysis
rate because a compact clot structure impairs the transport
of endogenous proteins involved in fibrinolysis through
fibrin networks.2 Here we describe the structure of the
embolic material obtained from a patient with PE.CLINICAL SUMMARY
A 46-year-old nonsmoking man (body mass index, 34.6
kg/m2) with no history of thrombosis was admitted for sub-
massive PE. Nine days earlier, the patient experienced stable
L1–L2 vertebral fractures after falling from a height. He was
treated with strict bed rest, a lumbar corset, and a Jewett
extension brace. Despite thromboprophylaxis (2850 U of
nadroparin administered subcutaneously twice daily), pro-
gressive dyspnea developed on the fifth day, with no leg
edema or pain. Contrast-enhanced computed tomographic
analysis showed a large embolus at the bifurcation of the
main pulmonary trunk (Figure 1), A. Ultrasonographic exam-
ination demonstrated a partly recanalized thrombus obstruct-
ing the left popliteal vein. No lytic therapy was administered.
For fear of hemorrhagic complications, the patient, who
was in a worsening clinical condition, underwent open embo-
lectomy with cardiopulmonary bypass under normothermic
conditions. After opening of the pulmonary trunk, a 7-cm-
long embolus was removed. Postoperatively, unfractionated
heparin was administered, followed by oral anticoagulation.FIGURE 1. Computed tomographic analysis of the chest showing a large
thrombus in the pulmonary arteries (A). Representative scanning electron
microscopic images showing the central part of the removed thrombus (B
and C) and its periphery extending into the left pulmonary artery (D and
E). B and D, Low magnification, 10003; C and E, high magnification,
50003.
From the Institute of Cardiology,a Jagiellonian University Medical College, and John
Paul II Hospital,b Cracow, Poland
Supported by a grant of Jagiellonian University Medical College, number K/ZDS/
000565 (to A.U.).
Disclosures: None.
Received for publicationMay 11, 2009; revisions received June 10, 2009; accepted for
publication July 16, 2009; available ahead of print Aug 19, 2009.
Address for reprints: Anetta Undas, MD, PhD, Institute of Cardiology, Jagiellonian
University School of Medicine, 80 Pradnicka St, 31-202 Cracow, Poland (E-mail:
mmundas@cyf-kr.edu.pl).
J Thorac Cardiovasc Surg 2010;140:e40-1
0022-5223/$36.00
Copyright  2010 by The American Association for Thoracic Surgery
doi:10.1016/j.jtcvs.2009.07.038
e40 The Journal of Thoracic and Cardiovascular SurgA1-year follow-upwas uneventful. Thrombophilia screening
(Factor V Leiden mutation, prothrombin 20210A variant,
protein C activity, antithrombin activity, free protein S
concentration, anti–b2-glycoprotein I and anticardiolipin
antibodies, and lupus anticoagulant) yielded normal results.ery c September 2010
Brief Clinical ReportsThe embolus, removed 4 days from symptom onset, was
evaluated by using SEM, as previously described.3 Briefly,
after washing, the thrombus was fixed by means of perme-
ation with 2.5% glutaraldehyde and then treated with alco-
hol, dehydrated, gold coated, and photographed digitally
with a Hitachi S-4700 SEM (Hitachi, Tokyo, Japan).
The SEM images revealed that the inner parts of the re-
moved thrombus (Figure 1, B and C) are formed with tightly
packed, thick fibrin fibers resembling a solid mass; however,
in the very center there was cellular debris derived predom-
inantly from erythrocytes. At the periphery of the clot (Fig-
ure 1, D and E), a large amount of red blood cells embedded
in a relatively thin fibrin network with low amounts of plate-
let aggregates was visualized. No layered structure of the
embolus was observed.DISCUSSION
Contrary to the available scarce morphologic data,1 we did
not observe a layered thrombus structure. Compared with
thrombi removed from a coronary artery of patients with
acute myocardial infarction, which were fibrin rich with
erythrocytes and almost no platelets,4 the pulmonary throm-
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The Journal of Thoracic and Cafibrin and fewer red blood cells,whichwere presentmainly in
peripheral segments of the clot. The more compact the fibrin
fiber structure, the less susceptible to lysis,2 and not surpris-
ingly, such thrombi (Figure 1) are resistant to endogenous
fibrinolysis.
Thrombi from patients not receiving thromboprophylaxis
are likely even more dense, as seen at higher thrombin con-
centrations.5 Our findings might also help explain why fibri-
nolytic therapy might fail to rescue patients with large
pulmonary thrombi and comprised cardiopulmonary func-
tion, in whom embolectomy could be more effective.
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131-42.Pulmonary thromboendarterectomy inKlippel–Tre´naunay syndromeJonathan N. Johnson, MD,a David J. Driscoll, MD,a and Christopher G. A. McGregor, MB, FRCS, MD
(Hons),b Rochester, MinnChronic thromboembolic pulmonary hypertension
(CTEPH) occurs in 4% of patients with pulmonary embo-
lism (PE).1 Untreated, the likelihood of survival is poor.
Klippel–Tre´naunay syndrome (KTS) is a rare complex vas-
cular malformation that typically includes the triad of capil-
lary vascular malformation (port-wine stain), venous
malformation(s), and soft tissue or bony hypertrophy.2Patients with KTS are at increased risk for peripheral venous
thrombosis and pulmonary emboli.3 When medical manage-
ment of PE and CTEPH fails, pulmonary thromboendarter-
ectomy (PTE) is an important, potentially lifesaving
therapy.1CLINICAL SUMMARY
Three patients with KTS (2 women aged 19 and 46 years
and 1 man aged 26 years, Table 1) underwent PTE. The
patients had symptoms for an average of 9.6 months (range,
3–19 months) before surgery. Patient 2 had a diagnosis of
deep vein thrombosis before the CTEPH diagnosis. Patient
1 previously had a right arm amputation for complications
of vascular malformation. No patient had a clotting disorder.
Each patient had all 3 manifestations of KTS, including cap-
illary malformations, venous malformations, and soft tissue
hypertrophy.
A single surgeon performed all operations. The surgical
technique used was described by Jamieson and colleagues.1rdiovascular Surgery c Volume 140, Number 3 e41
